Abstract-Integration of pollinator-dependent invasive plants into native pollination networks can have direct and indirect effects on local plant and pollinator communities. Impacts on local plants are well documented; however effects on native pollinators have gained less attention. We examine these issues in habitat fragments of the endangered oak-savannah ecosystem in British Columbia, Canada. We measured pollen collection by native bumble bees (Bombus Latreille; Hymenoptera: Apidae) and the introduced honey bee (Apis mellifera Linnaeus; Hymenoptera: Apidae) foraging on two common native plants in habitat fragments with varying invasive (Cytisus scoparius (Linnaeus) Link; Fabaceae) density. The Bombus species with the largest workers had higher proportions of invasive pollen on their bodies and in their corbiculae than smaller workers. Honey bees rarely collected C. scoparius pollen. While some native bumble bees species collect an increasing proportion of C. scoparius pollen with increasing C. scoparius density, this did not translate into an increased potential for pollination. Rather, measures of effective pollination decline with C. scoparius density. Overall, our results suggest that some bee species may be better at finding resources at highly invaded sites. Apis mellifera is likely not playing a major role in facilitating the spread of C. scoparius in our region. Rather C. scoparius is visited by a complement of native bumble bees that are similar to pollinators in the native range of this plant.
Introduction
Persistence of pollinator-dependent non-native plants after introduction depends on the invasive species being integrated into existing pollinator communities (Morales and Aizen 2006; Aizen et al. 2008; Pysek et al. 2011) . This integration can have direct and indirect effects on native plants and pollinators. The impacts of invasive plants on native plant species are well documented: direct impacts can occur through resource competition (Pysek et al. 2012) , indirect impacts via shared pollinators (Brown et al. 2002; King and Sargent 2012) . For the latter, pollinator mediated effects can be negative, neutral, or positive (facilitative) depending on the impacts the invasive plant has on pollinator behaviour Richardson 2006, 2014) .
The effects of pollinator-dependent invasive plants on native pollinators have gained less attention. Pollinator-dependent invasive plants tend to have generalist pollination strategies -where their floral rewards are accessible by a wide range of pollinator taxa -and abundant floral rewards (Traveset and Richardson 2014) . They therefore provide plentiful resources for generalist native pollinators. By outcompeting flowering native plants and reducing local plant diversity (Shaben and Myers 2010; Pysek et al. 2012) , flowering invasive plants could reduce habitat-level nutritional diversity or temporal continuity of resources for pollinators.
Furthermore, not all invasive plants have generalist pollination strategies (Johnson and Raguso 2016) . A combination of restricted potential pollinators with displacement of native plants may exacerbate detrimental impacts on a subset of the pollinator community.
Pollinator and plant traits are both important for mediating the impacts of invasive plants on native pollinators. Insect pollinators such as bees (Hymenoptera: Apidae) need access to both nectar and pollen, while plants vary in the quantity of nectar and pollen provided. Generalist pollinators will forage on multiple plants in order to balance their nutritional needs (Harmon-Threatt and Kremen 2015; Vaudo et al. 2016) . The types of rewards available from an invasive plant will thus mediate impacts on wild pollinators, such that a habitat dominated by an invasive plant species that provides only pollen may be less suitable for some pollinators. Pollinator species also vary in their ability to forage on different plant types. For example, tongue length or body size in bumble bees (Bombus Latreille; Hymenoptera: Apidae) can limit which flowers a particular species can forage on effectively (Inouye 1980; Goulson and Darvill 2004; Peat et al. 2005) . However, not all invasive flowers have generalist pollination syndromes. In these cases, native pollinators that are able to use an invasive resource may be better able to persist at invaded sites, but could also have impacts on the persistence of the invasive. Native pollinator use of invasive plants can facilitate their reproduction, leading to increased invasive seed pressure (Montesinos et al. 2016) . Alternately, in habitats where no effective native pollinators are present, introduced pollinators can play a role in facilitating the spread of invasive species. For example, the European honey bee, Apis mellifera Linnaeus (Hymenoptera: Apidae), facilitates the spread of some invasive plants in its introduced range (Stout et al. 2002; Simpson et al. 2005; Paynter et al. 2010) .
Pollination of the invasive plant will also be affected by plant density. Many plants suffer reduced pollinator visits at low density (Kunin 1993) . Furthermore, at lower invasive densities, other more attractive resources may be available, reducing visits to the invasive plant. This may have important implications for invasive plant management. For example, the presence of pollinators that visit an invasive even at low densities may mean that there is persistent seed pressure, even after invasive removal efforts.
We explored the impact of an invasive plant on native plants as mediated through pollinator behaviour in an oak-savannah ecosystem, endangered in southern British Columbia, Canada. This ecosystem hosts a highly diverse spring co-flowering community and is heavily affected by invasive plants (Fuchs 2004) . Specifically, the invasive shrub Cytisus scoparius (Linnaeus) Link (Fabaceae) (scotch broom), has had a major impact on this ecosystem by displacing native plants and changing soil characteristics (Shaben and Myers 2010) but appears to have mixed effects on the pollination of native plants (Muir and Vamosi 2015) . Cytisus scoparius is unusual among invasive species in that it requires pollinators to set seed and has a specialised pollination syndrome where only large bodied bees can open, or trip, the flowers to access pollen rewards and pollinate flowers (Parker 1997; Traveset and Richardson 2014) . Cytisus scoparius also provides little to no nectar as a reward (Stout 2000) . Furthermore, because many remnants of the oak-savannah ecosystem are situated within an urban/suburban matrix in British Columbia, visitation by the honey bees from nearby backyard beekeeper colonies is possible. In other parts of the invasive range of C. scoparius, honey bees are known to facilitate the spread of this plant (Simpson et al. 2005; Paynter et al. 2010) , but the potential for honey bees to play this role in British Columbia is unknown. We examined the impact of this invasive plant on two common native wildflower species, Camassia quamash (Pursh) Greene, and C. leichtlinii (Baker) Watson (Asparagaceae) by quantifying pollen on the bodies of bumble bee and honey bee visitors to all three plant species.
We asked (1) whether different bee species caught on native Camassia Lindley and Cytisus scoparius were more likely to have previously foraged on invasive C. scoparius as it increases in density across sites; (2) whether those bees are incorporating C. scoparius pollen into nest provisions; (3) whether C. scoparius tripping rates, an indication of a potentially pollinating visit, change with C. scoparius density.
Methods

Field methods
Sites comprised 18 oak-savannah fragments in the greater Victoria area, British Columbia, Canada (Table 1) . Sites were a minimum of 1.75 km apart. At each site, we delineated a 1-ha focal area encompassing populations of all our focal species, where present. At several sites this was split into two 1/2-ha patches, due to the steep rocky nature of the habitat. Sites varied in C. scoparius density primarily due to removal efforts by local volunteers and land managers.
At our sites, C. scoparius and both Camassia species have coinciding blooms occurring in late spring to early summer. Camassia leichtlinii and C. quamash have multiple blue to purple flowers on each stem that are easily accessible to all species of bees. Cytisus scoparius has hundreds of yellow pea-shaped flowers on a single bush with access to rewards limited to large bodied bees that can open (trip) the flowers.
We sampled sites five to six times over the course of C. quamash and C. leichtlinii bloom, late April through early June 2015. We divided sampling periods within a day into morning (10:00 AM-12:00 PM), midday (12:00-02:00 PM), and afternoon (02:00-04:00 PM) periods. Each site was sampled at least once for each period. We sampled between 10:00 AM and 04:00 PM, the peak of pollinator activity in the ecosystem, during pollinator appropriate weather (temperatures above 15°C and low winds). Two collectors sampled simultaneously for 20-minute periods, netting and euthanising any floral visitor and recording the species of flower visited. The collected bees were part of a larger pollinator interaction network study (by S.D.G. and E.E.). We focus on bumble bees (Bombus) and honey bees, as they were abundant pollinators in the sites that were caught on all focal plant species, and observed to be capable of tripping the flowers of C. scoparius (65% of all insects netted on focal plants; 83% of insects caught on C. scoparius), thus we could attain a sufficient sample size. We sampled pollen from three native bumble bee species: Bombus melanopygus Nylander, B. mixtus Cresson, and B. vosnesenskii Radoszkowski, and from the introduced honey bee, A. mellifera.
The flowering community was quantified on each sampling date using four 50-m transects spaced 50 m apart in a stratified fashion throughout the sampling area. We sampled perpendicularly to the transect at random distances between 1-5 m using a 0.25 × 2.0 m quadrat. Within each quadrat we counted the number of flowering units of each plant species. A flowering unit for both Camassia species was defined as a single flowering stem (C. quamash: average 1.97 open flowers, range 1-10; C. leichtlinii: average 2.45 open flowers, range 1-11). For Cytisus scoparius, a unit was an individual branch on a bush with no further flowering branches arising from it (average 2.29 open flowers, range 1-10). To calculate C. scoparius and Camassia density, we summed the total number of stems of each species counted in our quadrats for each sampling date. For Camassia, we summed C. leichtlinii and C. quamash stem density, as we cannot differentiate their pollen under the microscope (see later). Finally, on each sampling date, we estimated the number of flowers "tripped" on C. scoparius. We defined a "tripped" flower as a flower with the keel depressed and the stamens and stigma exposed (Supplementary Figure 1) . We selected two patches of C. scoparius -defined as a grouping of four or more plants. These were distributed across the sampling area as much as possible. Within each patch, we then randomly selected two shrubs, for a total of four shrubs per site per sampling date. On the closest stem, we counted the number of tripped and untripped flowers out of the first 25 encountered.
Pollen sampling
For each site, we collected pollen from the body and the corbiculae of 10 individuals of each bee species, five collected on Camassia, and five collected on C. scoparius. At some sites, a full sample of five bees per plant could not be obtained. Pollen from the body was collected by swabbing with a small piece of gelatin stained with fuschin dye (Kearns and Inouye 1993) . Pollen from the corbiculae was homogenised with 300 µL of ethanol and a 30-µL subsample was placed on a slide, allowed to dry, then stained with fuschin dye. If a bee lacked corbicular pollen, only pollen from the body was sampled.
To sample pollen composition, we identified pollen grains under a microscope along two transects per slide using a marked coverslip. Pollen grains touching the transect were identified to the highest taxonomic resolution possible by comparison to a reference collection. We counted a maximum of 50 grains/transect, totalling 100 grains/sample. If a minimum of 50 grains/sample was not reached after two transects, an additional transect was added. The pollen of C. leichtlinii and C. quamash are indistinguishable, and will hereafter be referred to collectively as Camassia. Cytisus scoparius pollen is highly distinct and easily identified. Other pollen grains were identified to species where possible, and family if not. While many groups are difficult to differentiate to species, we are confident in our identification of Camassia and C. scoparius because of their distinct pollen. Because there was some variation in total pollen grains available to count, we calculated the ratio of C. scoparius to pollen grains in each pollen sample, as follows: C. scoparius grains/(C. scoparius + Camassia)), where the scale from 0 to 1 describes a gradient from mostly Camassia to mostly C. scoparius pollen in the sample. This means that pollen from other species were not part of the analysis; however, on average C. scoparius and Camassia pollen accounted for over 85% of pollen in each sample. Removal of samples with low quantities of either of our focal pollen type did not qualitatively change our results.
Bumble bee worker size
Because the size of bees can affect their ability to trip C. scoparius flowers, we measured body size of our sampled workers. We measured their intertegular span using microcalipers under a dissecting microscope. Intertegular span, or the shortest distance between the tegulae on the thorax, is a common measurement used to quantify body size in pollinators (Cane 1987) . Honey bee measurements are based on 20 workers collected in previous pollinator studies on Vancouver Island, British Columbia, Canada .
Analysis
All analyses were conducted in R (R Development Core Team 2009). For bees collected on Camassia, we used general linear models, and type III sums of squares to test whether the species of Camassia from which the bee was collected (C. quamash or C. leichtlinii), sampling date, bee species identity, C. scoparius density, or the interaction between C. scoparius density and bee species had an effect on the ratio of C. scoparius to Camassia pollen (lmer, lme4 package for R (Bates et al. 2015) ). Site was included as a random factor. We conducted separate analyses for corbicular and body pollen.
For individuals collected on C. scoparius, there was insufficient variation in pollen content to analyse pollen composition as a continuous variable. Therefore we categorised the pollen composition of our samples as either "pure" C. scoparius or Camassia pollen (> 95) or mixed. We then used Fisher's exact test to determine whether the number of bees in each category varied among bee species for body or corbicular samples (R Development Core Team 2009). We excluded B. vosnesenskii from this analysis, as only two bees of this species were caught on C. scoparius.
To examine how C. scoparius density affected C. scoparius pollination, we used similar models to those for Camassia-collected bees to test whether sampling date or C. scoparius density had an effect on the proportion of flowers tripped (lmer, lme4 package (Bates et al. 2015) ). Site was included as a random factor.
Results
A total of 329 individuals of the focal species were sampled from those netted. We randomly subsampled at sites where more than 10 of a focal bee were collected on a focal plant. Of these bees, 240 had corbicular pollen loads that could be sampled. Of the bees selected, 276 bees were caught on Camassia, and 53 were caught on C. scoparius. Of the bees in our focal species caught on Camassia, 83 were A. mellifera, 70 were B. melanopygus, 79 were B. mixtus, and 36 were B. vosnesenskii. Of the bees caught on C. scoparius, 15 were A. mellifera, 34 were B. melanopygus, seven were B. mixtus, and two were B. vosnesenskii.
Bees caught on Camassia
Focal bee species differed in the ratio of C. scoparius to Camassia pollen on their bodies (F(3, 268) = 95.9, P < 0.001), with A. mellifera having the lowest amount of C. scoparius relative to Camassia pollen, B. vosnesenskii and B. mixtus being intermediate and B. melanopygus having the most. Body pollen was not affected by any other variable.
For pollen collected from the corbiculae there was a significant interaction between bee species and C. scoparius density (χ 2 3, 177 = 19.51, P = 0.0002; Fig. 1) , as well as an overall effect of species (χ 2 3, 177 = 28.64, P < 0.001). Not only did B. melanopygus have more C. scoparius pollen, but the relative quantity of C. scoparius in the corbiculae increased more strongly with C. scoparius density than it did for other bee species (Fig. 1) . Finally, bees collected from the different Camassia species differed in the ratio of C. scoparius to Camassia pollen, with those from C. leichtlinii having more C. scoparius pollen (χ 2 3, 177 = 7.43, P = 0.006).
Bees caught on Camassia scoparius
Bees collected on C. scoparius generally had a high relative quantity of C. scoparius pollen on their body and in their corbiculae (corbiculae composition average = 0.96, body = 0.97). Although only seven individuals of B. mixtus were caught, when considering this species alone a relatively high proportion did not have pure pollen loads, in contrast to A. mellifera and B. melanopygus (Fig. 2) .
Cystisus scoparius tripping
Cystisus scoparius floral tripping declined with both sampling date (χ 2 1, 123 = 13.45, P < 0.001; Fig. 3A ) and C. scoparius density (χ 2 1, 123 = 9.16, P = 0.002; Fig. 3B ). Measurements of intertegular span show that B. melanopygus is the largest of our sampled bees (3.71 ± 0.06 mm), followed by B. mixtus (3.22 ± 0.06 mm), B. vosnesenskii (3.38 ± 0.1 mm), and A. mellifera (2.92 ± 0.03 mm).
Discussion
Bumble bee species differ in their propensity to forage on both C. scoparius and Camassia at the same time. Bombus melanopygus had a higher ratio of C. scoparius to Camassia pollen on their body when collected on Camassia, and the quantity that they collected into their corbiculae increased with density. This suggests that B. melanopygus is not only more willing to forage on C. scoparius than our other focal species, but that it is more likely to collect C. scoparius pollen for nest provisions, even while also foraging on native Camassia species. If B. melanopygus can use C. scoparius as a resource, it may be more successful at invaded sites than other pollinators. Conversely, B. mixtus and B. vosnesenskii, and the introduced A. mellifera, were more moderate in their inclusion of C. scoparius and showed no increase in C. scoparius pollen collection with C. scoparius density. Furthermore, all three species were caught on C. scoparius in lower numbers than B. melanopygus across our sites (Fig. 2) . Thus they may be more negatively affected if C. scoparius displaces native plants.
Bee traits may in part explain the variation between bee species in C. scoparius pollen collection. While B. melanopygus tongue length is on average intermediate to B. mixtus and B. vosnesenskii (Harmon-Threatt and Ackerly 2013), measurements of our collected bees show that B. melanopygus workers are the largest among our focal species based on intertegular span (Cane 1987) . Contrary to expectation, previous work shows that smaller bees may be more adept at handling untripped broom flowers (Stout 2000) ; however, that paper grouped workers and queens across coarse size categories (< 15-mm long, 15-20-mm long, > 20-mm long) that are difficult to compare with our measure of body size. Our study focusses only on workers, and examines more fine-scale differences across our three focal bumble bee species. Our observations also suggest that honey bees appear to expend more energy using their metathoracic legs to pry open untripped flowers, whereas the weight of a bumble bee seems to trip flowers with no prying necessary (S.D.G., personal observation). Alternately, B. melanopygus may be outcompeted for pollen on Camassia. Camassia density is negatively related to C. scoparius density at our sites (slope = −0.3; df = 1; P < 0.0001; Fig. 4 ). As Camassia decreases in density, competition for resources from Camassia may increase, causing B. melanopygus to move on to less easily accessed, but less exploited resources such as C. scoparius, while returning to Camassia for nectar.
Our results provide mixed evidence that nonnative A. mellifera are facilitating pollination of C. scoparius. Apis mellifera caught on Camassia were collecting primarily Camassia pollen (Fig. 1) , whereas those caught on C. scoparius were collecting primarily C. scoparius pollen (Fig. 2) . Apis mellifera caught on Camassia did not increase collection of C. scoparius pollen with increasing C. scoparius density, and generally showed the lowest amount of C. scoparius pollen among our focal bee species collected on Camassia. While their constancy likely makes A. mellifera reliable pollinators of both native and invasive plants, our results suggest that at low plant densities, B. melanopygus and other native pollinators more readily forage on C. scoparius. An invasive plant such as C. scoparius with a specialised pollination syndrome can thus co-opt local pollinators, particularly those that are synonymous with pollinators in the native habitat of the plant. Cytisus scoparius is primarily pollinated by bumble bees in the native range of this species in Europe (Parker 1997) , whereas in Australia, where there are no native bumble bees, it relies on introduced A. mellifera for pollination (Sheppard et al. 2002; Simpson et al. 2005) . Because there is already a diverse community of Bombus in North America, C. scoparius does not rely on honey bees for pollination here, unlike in Australia.
Our data suggest that pollination of C. scoparius will change with its density; however results from pollen composition on bees versus tripping rates suggest different effects. Cytisus scoparius pollen on bees increases with C. scoparius density -but only for B. melanopygus. Conversely C. scoparius tripping rates actually decline with C. scoparius density -suggesting some density-dependent negative impacts on pollination. This could occur if there is saturation of the segment of the pollinator community that is willing to forage on C. scoparius. Alternately, our data show that high density of C. scoparius is associated with reduced density of native plants such as Camassia (see also Fuchs 2004) . Reduction in plant abundance and diversity can result in reduced abundance or diversity of pollinators (Neame et al. 2013) . Alternately, bees may be less attracted to areas with a lack of nectar resources, and may thus forage elsewhere.
Our results may have implications for plant pollination. Pollinator-dependent invasive plants can have negative impacts on natives when they are more attractive than natives (Brown et al. 2002) , but also indirectly through heterospecific pollen transfer (Caruso and Alfaro 2000; Brown et al. 2002) . Heterospecific transfer occurs when bees visit more than one plant species, and can negatively affect seed set either by displacing conspecific pollen (Larson et al. 2006) or via allelopathic effects on conspecific pollen germination (Murphy and Aarssen 1995) . For native Camassia species, we find that B. melanopygus may be the biggest culprit in heterospecific transfer of C. scoparius pollen at sites with high C. scoparius density. Our data also show that different Camassia species may experience different indirect effects from C. scoparius. Bees collected from Camassia leichtlinii had significantly more C. scoparius pollen on them than bees collected from C. quamash. There may be more temporal overlap in the bloom times of C. leichtlinii and C. scoparius (Vamosi et al. 2014) , thus bees foraging on C. leichtlinii may be more likely to have opportunities to forage on C. scoparius as well. This does not necessarily indicate that C. leichtlinii will suffer negative effects of heterospecific pollen transfer; past studies in this system show no evidence for such effects (Muir and Vamosi 2015) .
Overall we find that native bumble bee species vary in their collection of invasive pollen for nest provisions. Larger bodied species such as B. melanopygus were more likely to forage on C. scoparius, and increase use of C. scoparius pollen with the density of the plant. Tripping rates, an indication of pollination service to C. scoparius, decline with C. scoparius density, suggesting that saturation of local pollinators, or other community level impacts, may occur at higher densities. Non-native A. mellifera is likely not playing a major role in facilitating spread of C. scoparius. Rather C. scoparius is visited by a complement of native bumble bees that are functionally equivalent to its pollinators in the native range of the plant.
